There is a need for more accurate, rapid and reliable means for diagnosis of tuberculosis. This paper describes the development and adaptqtion of the slide culture method for this purpose.
It has been pointed out by Cummings' that the ideal culture medium should support rapid growth of small numbers of tubercle bacilli, should permit easy differentiation by colonial morphology between pathogenic and nonpathogenic acid-fast bacilli, should inhibit growth of contaminants, and should be simply and reproducibly prepared from readily available ingredients. Most of the media used in the diagnostic isolation of tubercle bacilli today do not satisfy all of these requirements. They contain complex organic materials such as animal sera, egg yolk, or potato extract, none of which can be reproducible from one batch to another. During the past ten years, however, a number of media which meet most or all of the requirements of the ideal culture medium have been devised. The development of these media and methods has been reviewed recently by Reed and Morgante. 2 One of these is the slide microculture method originally described by Koch3 by which he was able to demonstrate growth of tubercle bacilli within a week. Adaptations of this method by Pryce4 and Rosenberg 5 for diagnostic use were very sensitive, but too cumbersome for routine use. A notable advance in technic was reported by Lowry and Berry 6 with the development of special culture tubes and decontamination tubes which permitted simple and safe handling of sputum smears dried on ordinary slides. Reed 7 in 1953 reported a modification of the slide culture method which yielded excellent results, and subsequently Simpson and Reed 8 carried out fairly extensive trials of the modified technic in a routine diagnostic laboratory. It was found that slide culture appeared to be superior to conventional methods particularly in terms of the number of positive cultures produced and in the time required for them to become positive. These diagnostic trials have been carried on for the past three years.
It has always been accepted as precept that the use of a variety of media should produce an appreciable increase in the number of positive cultures for tubercle bacilli in the diagnostic laboratory. There is no agreement as to which medium is the most satisfactory and various authors have suggested that Lowenstein-Jensen's medium,1 Corper's potato medium,9 and Petragnani's 10 are superior. Many large-scale comparisons of this sort have been made, but there is still considerable dissatisfaction 11 with the conventional types of media now used for routine isolation and identification of the tubercle bacillus. Because of the diversity of media used for the isolation of tubercle bacilli and the fact that no one medium is considered ideal, it seemed wise to compare the slide culture technic with a variety of both older and newer conventional media and with guinea-pig inoculation as well. It is the purpose of this paper to report results of a further long-term trial. (a) All specimens were collected in sterile wide-mouthed, 4-oz screw-capped bottles. The average specimen was 25 ml and usually represented a 24-hour collection, although if sputum was scanty the collecting period was extended to 48 hours and rarely to 72 hours. The greatest number of specimens was received from outpatients reporting periodically for review.
(b) The container of sputum was shaken in a laboratory model paint conditioner until completely homogenized. The time varied with the specimen but usually was less than five minutes.
(c) Two thick smears were made from each specimen on standard microslides previously marked by a diamond pencil with the culture number. The smears were then dried on trays in a small bench model incubator for one hour at 370 C.
(d) Slides were then placed in the sterile decontamination apparatus shown in Figure 1 . Only the two slides from a single specimen were placed in each decontamination tube. Each decontamination tube was filled with sufficient 6 per cent (V/V) sulphuric acid to completely cover the slides and allowed to stand for 7 minutes.* After draining the acid, pinch cocks were replaced and sterile distilled water was allowed to flow into all tubes simultaneously. The tubes were drained immediately by removing the pinch cocks and the flushing process was repeated twice more, thus insuring the complete removal of all traces of acid. All discarded acid and distilled water were drained into a 12-liter bottle which was autoclaved before discarding. (f) One slide from each specimen was removed after six days, the other after 14 day's incubation at 37°.
Slides were dried and fixed at 900 C for 30 minutes on an electric staining bath, then, stained according to the "cold" method of Aubert.14 Staining was done using 0.3 per cent pararosaniline chloride with a few drops of Tween 80 and gave consistently uniform results. Decolorization was done with 5 per cent nitric acid followed by 95 per cent ethyl alcohol. A counter stain of 0.1 per cent aqueous brilliant green was used.
Conventional Culture Technic
After preparation of smears for slide culture the balance of the specimen was digested with an equal volume of 20 per cent trisodium phosphate for 20 hours at 370, then neutralized with 10 per cent hydrochloric acid in the presence of bromthymol blue and transferred to sterile 50 ml centrifuge tubes. After centrifugation and removal of the supernatant, sediment was inoculated to tubes of Herrold's egg yolk agar and other standard media and well rubbed. over the whole surface of the slope. At the same time smears were made for microscopic examination. Control cultures were examined weekly for the first appearance of growth.
Guinea-Pig Inoculation and Examination
Two guinea pigs were inoculated intramuscularly in the left thigh with the concentrated sediment from each specimen. They were kept under continual observation, and were weighed and sacrificed at the end of eight weeks.
Careful examination was carried out at autopsy for evidence of tuberculosis. Many cultures were taken for confirmation and in cases of doubt organs were referred to the pathologist for histological examination.
Experimental Results
Comparison of Slide Culture and Herrold's Agar
All specimens submitted to the laboratory at Camp Hill Hospital formed a part of this study and were cultivated both by slide culture and by the method commonly used in the laboratory for some years. A total of 7,010 specimens were cultured by the two methods during the period of study. Comparison of results obtained with these specimens is shown in Table 1 Of the 482 specimens with positive smears, only 25 or 5.25 per cent failed to yield a positive culture by one method or the other. There were 6,528 specimens that were negative on smear of the concentrate and of these 80 or 1.2 per cent were positive by both culture methods; 64 were positive by slide culture only. Thus a total of 2.2 per cent smear-negative specimens were positive 
The total number of smear-negative specimens which were positive by slide culture (144 or 63. It has been pointed out in two previous papers that there is a marked difference in the time required for cultures to become positive by the two methods. Specimens were selected as much as possible from cases with a history of sporadic positive cultures in order to show up possible differences in sensitivity of the methods used. It should be noted that on occasion in these studies only histological examination revealed the presence of a tuberculous process in the animal, that is, certain organs showed abnormalities but no gross anatomical evidence of the systemic spread of tuberculosis. In all such cases the evidence was carefully weighed before deciding whether or not to call the animal diseased.
A comparison of the results obtained with a total of 200 specimens is given in number of isolations by slide culture. Only five specimens failed to yield a positive isolation by any of the seven methods.
One hundred and forty-one specimens were negative on microscopic examination of the concentrated sediment, and of these 17 or 12.5 per cent were positive both by slide culture and in the guinea pig. Only one of the other five methods yielded a comparable result, while 112 specimens or 79.5 per cent were negative by all seven methods.
Results here on smear-negative specimens are similar to those reported in the previous section where no significant difference was observed in the number of positives by slide culture or by conventional means using Herrold's egg yolk agar. by guinea pig. In this instance the number of positive cultures by slide culture is much lower than the number of positives by conventional media, a finding which we did not observe in the large-scale trial among smear-negative specimens. The number positive by guinea pig inoculation in this group is 10 per cent lower than slide culture and almost 20 per cent lower than conventional media.
Discussion
The results of this long-term trial of the slide culture method as a routine procedure have successfully shown once again that the method can be readily adapted for diagnostic use. The initial cost of equipment is not great. The technic is easy to learn and large numbers of specimens can be handled with relative ease. The medium more closely approaches the hypothetical ideal medium of Cummings ' than any which we have so far seen described, particularly in ease of preparation and reproducibility. There are fewer hazards for the technician using the slide culture technic when carried out according to the procedures described above than for the technician using conventional methods of handling specimens.
One of the most important considerations from the clinical standpoint is the great reduction in the average time required for a positive culture. Berry and Lowry 15 and Reed7 have shown that there is an average saving of at least three weeks in reporting positive cultures. This makes it possible for the physician to correlate all the available laboratory and clinical data at a much earlier date and therefore permits a much more satisfactory assessment of the patient's progress.
Pierce and Hirsch 16 have shown too that using the slide culture method it is possible not only to obtain a positive culture very quickly but in open cases under treatment to obtain the sensitivity of the organism to various tuberculostatic agents within five days, thus enabling a change in specific therapy to be made at the first sign of developing resistance of the organism. They have found that such a procedure has a marked and beneficial effect on the patient's whole course. Reed 17 and others have also used the method with considerable success for testing drug sensitivity of tubercle bacilli.
The results reported in both trials corroborate the authors' earlier findings.8 Slide culture shows a marked superiority over conventional media in successful isolation of tubercle bacilli from smear-positive specimens whether one or five such media are used, and is also superior to guinea pig inoculation. In fact, the grouped conventional media (Table 5) are also superior to animal inoculation on such specimens. However, grouped conventional methods were superior to both animals and slide culture in isolations from smear-negative specimens, although taken individually Herrold's agar was as sensitive as guinea pig and slide culture. This discrepancy between smear-positive and smear-negative specimens can be attributed entirely to the very great difference in size of inoculum used in the two methods. In the slide culture the inoculum consists of a few loopfuls of unconcentrated, but homogenized sputum, while in the routine method the inoculum is derived from the sediment obtained by concentrating the specimen. This discrepancy between methods is particularly evident when the organisms are present in only minimum numbers, as in the case of the smear-negative group. Neither method is entirely free of some deleterious effect due to the decontaminating procedures, that is, exposure to trisodium phosphate in one and sulfuric acid in the other. Recently another criterion has been added in the form of various in vitro dye virulence tests, the commonest of which is the neutral red test of Dubos and Middlebrook.25 This test has been successfully used with tubercle bacilli grown on conventional solid media and on membrane filters and has proved to be quite reliable as an indication of virulence when considered in conjunction with morphological characteristics. The test has also been adapted for use with the slide culture technic as will be described in a later paper. '9 Wilson-Miles 21 state "The great drawback to the cultural method is that it provides no proof that the acid-fast bacilli which have been cultivated are really tubercle bacilli or are derived from the material under examination. Though numerous methods have been suggested for distinguishing between tubercle bacilli and saprophytic acid-fast bacilli the truth remains that in primary diagnosis no organism should be reported other than provisionally as a tubercle bacillus until it has been finally identified by animal inoculation." It is questionable whether this statement. although its emphasis is on primary diagnosis, should be accepted dogmatically in all cases. It must be conceded under certain circumstances whether with respect to slide culture or conventional culture that the acid-fast organisms under study cannot be other than tubercle bacilli.
In Table 5 it will be noted that there are reported instances where specimens were positive by slide culture alone, five among smear-positive and three among smear-negative specimens. Case histories and bacteriological histories of the patients concerned were carefully studied in order to assess the validity of these cultures in the light of their failure to produce positive results on solid media or in the guinea pig. These patients were all classified as far advanced bilateral tuberculosis with cavitation and two subsequently died. Two months prior to the appearance of the cultures in question, specimens from these patients were positive on one or other of the solid media and in the guinea pig. Subsequent cultures also gave rise to -positive results by all three methods. Two of the cases of slide culture alone being positive were from one patient, although on widely separated dates. It seems inconceivable that patients with such a diagnosis could alternately produce virulent tubercle bacilli and sapro--phytes. It is highly improbable on careful examination of the evidence that these slide cultures are anything but tubercle bacilli, particularly when the typical parallel arrangement of the cells in characteristic corded colonies is considered.
Summary
The present work demonstrates beyond question the successful adaptation of what was originally an experimental technic to the demands of a routine diagnostic laboratory. Experience of four years with the technic has served to support our original idea that it would represent a major advance in the role played by the diagnostic laboratory in the diagnosis and clinical management of tuberculosis. Although further refinements and modifications of the technic are in progress we feel that in its present form the slide culture technic is superior to any culture method which has so far been developed. The emphasis during the present work has been on the diagnostic use of the method but the basic method lends itself admirably SLIDE CULTURE OF TUBERCLE BACILLI to studies with pure cultures of the tubercle bacillus in the field of metabolism and nutrition, and the effect of tuberculostatic substances.
